the physical condition. Van Slyke (7) states that certain of the essential ele-.
. I ments are more extensively used by crops and sooner or later require special attention in the way of increasing the available supply in some soils. These elements, given in the order of probable importance, are nitrogen, phosphorus, potassium and calcium. Among others who practically agree with the fore going are Voorhees (8), Halligan (1) and Thorne (5) . As stated before, however, very litJle importance �s been attached to a possible deficiency of calcium in soils, for the reason mentioned above and from the further assumption, possibly, that, calcium compounds being quite soluble, even a liinited supply will always furnish the necessary amount for the immediate needs of a crop.
EXPERIMENTAL
In view of the fact that large amounts of limestone are now being used on the soils of our state ru;id the demand is increasing, the writer thought it would be of interest to study the calcium content of. our virgin and cultivated soils in order to determine the effect of cultivation on this constituent. This work has been in progress for some time and the data show some interesting results regarding a possible deficiency of this element, in some cases, for normal crop production. This study has embraced both analytiCal data on soils and pot cultures in the greenhouse, and is still in progress.
The main difficulty that had to be overcome in the work, at first, was in the estimation of calcium. As ordinarily carried on, it readily became apparent that the method at first used, described in this paper as the "regular method," was defective, for the reasons mentioned later, and this necessitated either an improvement of the same or the substitution of another. which would be more satisfactory for this determination.
The methods, briefly described, which have been used are as follows:
Regular method. One gram of soil, ground to pass a 100-me s h sieve, was fused with a 5-gm. fusion mixture (10 parts NaiC03 + 13 parts K2C0a) for 10 minutes, in a platinum crucible. The melt was dissolved in distilled water, HCl added, the solution.evaporated to dryness and the Si02 dehydrated by powdering the residue and drying on the water-bath. After dehydration, HCl and H20 were added and the Si02 filtered and washed. The am monia precipitati O n was then made in a faintly a=oniacal hot solution and the precipitate filtered and washed once or twice. It was then dissolved in HCl, reprecipitated in the same way and washed with hot water until free of chlorides. The combined filtrates from the a=onia precipitate were then evaporated to low volume, after being made slightly acid with HCl. At this point, bromine water was added, followed by a moderate excess of NH.OH to precipitate · the manganese. After evaporation of excess of NH.OH, the solution was slightly acidified with �H.02, the precipitate filtered and washed, only one precipita tion of the. manganese being made. The filtrate was heated on the bath, a slight excess of NH.OH added and CaC204 precipitated with hot, saturated solution of (NH.)2�04 and, after standing over night, was filtered, washed a few times, dissolved in HCl and repredpitated in the same manner. .
Modified regular method. The same proced1,ire was used as with the regular method except 2 cc. of 10 per cent FeC18 solution was added before the a=onia precipitation was made. The first precipitation of the CaC20, wa.s made in a faintly ammoniacal solution but the reprecipitation was in weak oxalic acid solution.
Sodium peroxide method. One or two grams of 100-mesh soil were fused with 8 grn. Na:i02 in an iron crucible. The melt was dissolved in water, acidified with HCl, evaporated and Si02 dehydrated. The residue was taken up with HCl and HzO, filtered and washed until free of chlorides. To the filtrate and washings, 'in a volume of about 150 cc., was added· 0.5 gm. (�)2S20a, the whole heated to boiling and �OH added in excess.. After boiling for about 5 minutes, the precipitate was filtered and washed with hot water until practically free of chlorides. The filtrate and washings were then acidified with HCl, evaporated to about 100 cc. 1 or 2 cc. of 6 per cent FeCla solution and 0.5 gm. (�)2S208 added, heated and ammonia precipitation made as before. The filtrate, in a volume of 150 cc., was heated on the bath and hot, saturated (�)2C204 solution added to precipitate the CaCzO, and allowed to stand over night. The CaCzO, was filtered, washed a few times, dissolved in HCl and reprecipitated in the same manner.
McCrudden method. After making the fusion as in the "regular method," dehydrating and filtering the Si02, the calcium in the filtrate was determined by the procedure employed by McCrudden (3, 4) for determining calcium in feces, urine, etc. It was thought that this would not give reliable results with soils and for this reason only a few determinations were . made by it.
Preliminary proposed method. The same procedure· was followed as in the proposed method to be described later, except the ignition of the CaCz04 and the treatment to remove manganese was omitted. This method was used at the beginnin g of the. work and, unfor-, tunately, no blanks were run, as the importance of these was not then appreciated.
Proposed method. The fusion of the soil and dehydration of SiOz was made in the same manner as in the "regular method." The filtrate !J.nd washings from the Si02 should pref erably not exceed 100 cc. Concentrated NH,OH was carefully added until the solution was just alkaline to litmus, followed by HCl until the litmus paper was just acid. The · precipitate at this point in all cases was not entirely dissolved but rather resembled a colloidal ferric hydroxide solution. It was not thought necessary or even desirable to add HCl until the solution was perfectly clear. The solution was then heated to boiling and 1 to 2 gm. of dry powdered (�)2C204 cautiously added and the heating continued for 2 to 3 minutes.
At this point the litmus paper was frequently blue, in which case HCl was added carefully until it was faintly but distinctly acid, the container put on the steam bath for a few hours, and allowed to stand over night at room temperature. The precipitate was filtered until clear, the container carefully washed twice with water, which was poured on the precipitate, and the latter was ignited to convert the calcium oxalate into oxide or carbonate. It was then transferred to the same precipitating container, dissolved in hot dilute HCl, diluted with a small amount of water and heated, after which the manganese was precipitated by the addition of bromine water and a moderate excess of NH.OH. The heating was con tinued until only a slight excess of NH.OH remained, after which the solution was made slightly acid with C2H.02, filtered and the filter washed. This was dol.le to remove man ganese which was often present. The filtrate was made faintly alkaline with NH.OH and then faintly acid with HCI, boiled and about 0.5 gm. (�)2CzO., depending on the amount of calcium present, was added as before, the heating continued for 2 to 3 minutes and the same procedure followed as in the first precipitation. By this method it is possible for one person to average six determinations a day after the work is begun by working on four sets, each comprising six samples, at the same time. If found more convenient, the time allowed for the ·precipitation of the CaC204 may be shortened, as a few minutes' boiling and then allowing to stand for five or six hours on the steam bath will cause com plete precipitation. However, it is preferable that the solution be cooled before the fi ltration is made.
·
In allmethods, it is essential that blanks be run in the same manner as the determinations, the same amounts of chemicals and of water being used, for it has been found here that distilled water prepared from hard water, in the ordinary laboratory still, may contain calcium.
The results obtained. both volumetrically and gravimetrically on several soils during the earlier work by these different methods are given in table 1.
TABLE. 1
Percentage of total calcium (Ca) in soils found by different methods
Grav.
Vol.
Grav. Grav.
Vol . .
- It was apparent at the beginning of the work that the precipitates of CaC204 obtained by the regular method were not pur�, because the CaO, after ignition, was frequently colored and when it was dissolved in HCI and the solution made faintly alkaline with NH40H, a precipitate was almost invariably obtained.
The amount of this precipitate, however, varied in different cases, and upon examination it was found to consist mainly of alumina, sometimes with very small amounts of iron, phosphorus and manganese compounds present. This fact has frequently been verified by filtering the precipitates, washing and mak ing a third precipitation of the CaC204, in which case lower results have always been obtained, especially in those samples which showed perceptible amounts of impurities. Of course, the presence of these impurities causes a plus error but, on the other hand, if calcium is occluded in the amm onia precipitate, which frequently occurs, a compensating minus error is introduced. These errors may or may not balance each other .
. The chief source of error in the regular method is due to the hydrolyzation of phosphates in the ammonia precipitate, or to the hydroxide passing through the filter in a colloidal condition on washing with hot water for the removal of the chlorides. Probably this could be largely obviated by the substitution of some salt solution for the water or by not washing entirely free of chlorides, when the ammonia precipitate is not to be weighed. No attempt has been made along these lines in this work, as it was the writer's desire to demonstrate that fhe regular procedure, as sometimes prescribed for the separation of calcium in soil analysis (9), does not give accurate results. The factor of preventing hydrolyzation in the washing of precipitates containing mixtures of iron and aluminum phosphates and hydrates has been recognized, however, and the use of a salt wash is sometimes prescribed (6).
It is often recommended that a small amount of ferric chloride be added to the solution when the amm onia precipitation is made, in order to obviate the above difficulty, inasmuch as it makes the precipitate more basic in character, especially where aluminium phosphate is involved, as is the case in soils. This has been done in this work and while it undoubtedly is of value in some instances, still it does not always prevent the difficulty, as will be shown later. It might be mentioned here that in no case wherever tested has the CaO obtained by the proposed method ever shown any impurities of this kind that could be recog nized by dissolving the same in HCl and neutralizing with NHiOH, and this is further verified by the fact that the entire amount was recovered in the third precipitation.
The gravimetric results obtained by the regular method, with and without the addition of FeCLi and subsequently making a third precipitation as above described., are given in table 2. The results obtained from the same samples, by the proposed method, are included for comparison.
It will be seen from an examination of table 2 that the CaO obtained by the regular method, without the addition of FeCh, generally contained impurities, as was shown by the third precipitation. After the addition of FeCla, the results, as a rule, were much lower, yet the CaO precipitates were not usually pure, as will be seen in the sanie table. At the same time, however, the results obtamed by a third precipitation agree more closely in several instances with those of the proposed method but· are still not altogether satisfactory. The low results can be accounted for only as due to the occlusion of calcium in the amm onia, precipitates, while the high ones are undoubtedly caused by impurities.
It has been mentioned that calcium has been found to be occluded in the amm onia precipitate and that such was often the case was proved by an exami nation made of some samples selected at rando m that had been used in the work. The calcium was determined by the modified regular method and the amm onia precipitate was dissolved in HCI . and the calcium in the same was determined by the proposed method, with the results given in table 3.
As the three methods which were mostly used in the work, namely, the regu lar, modified regular and proposed, gave such discordant figures on many of the soils, it was thought that it might prove of interest to compare them on a synthetic soil mixture which was comparatively high in calcium, phosphorus.
and aluminium. Accordingly, a sufficient quantity of a mixture of C.P. chemicals in the required amounts was prepared to represent a soil having the composition given in table 4, in 100 parts, the lacking 71.07 parts being supposed to represent Si02, moisture and organic matter. In other words, the 10 parts of Si02 used represent only part of that required to make up the supposed soil. (a) and (b), no FeCb was added to (a) or the first ammonia precipitation, but to the resulting filtrate was added 2 cc. of 10 per cent FeCla solution and the second or (b) was then made. while the proposed method averages a trifle high. In the work on soils, however, the regular method has generally given high results, compared with the proposed method, while the modified method shows both high and low.
A tendency also exists here for calcium to be occluded in the ammonia precip itates, which is largely prevented by the addition of FeCla, but this is not so noticeable as it was in the soils.
During this investigation, only a part of which is included in this paper, a large number of soils have been tested comprising samples taken from nearly every county in the state. In many cases the amount of total calcium , found was surprisingly low; in fact the lack of this element in several soils was as noticeable as was their deficiency in phosphorus or nitrogen. Taking into account the amounts of these three elements present, two of which, however, are not reported here, and the quantities of the same removed by crops, all are probably deficient in many of the soils. On the other hand, the potassium content of the most of these soils is relatively high and compares favorably with our best in this respect. Some of the results obtained are given in table 6 and in cases where duplicates were made these are included.
. 10 Several virgin soils and the corresponding cultivated samples were used in.
this investigation in order to determine the loss of calcium due to cultivation�
These results, also, are included in table 6.
GENERAL DISCUSSION
The proposed method has given more reliable results in this investigation· and has several advantages over the regular procedure. It is more rapid, the calcium precipitates are purer and less diffi culty in obtaining duplicates.
is encountered. It has a further advantage in that the handling of the am monia precipitate, which is always more or less troublesome and which intro duces errors in separations of this character, is avoided.
In an ordinary clay analysis, where small amounts of calcium and of other constituents are to be determined, the ammonia precipitate is difficult to. From an examination of the foregoing. tables, it will be observed that some of our cultivated soils are very low in calcium and frequently this holds true for the corresponding virgin soils. In fact, from other work done on these and similar soils but not reported here, their calcium deficiency assumes equal importance with their low phosphorus and even low nitrogen content.
An application of one ton of limestone or of calcium phosphate per acre to such soils frequently supplies more calcium than is already present. In such cases there can hardly be any doubt that the increased plant growth following applications of these materials, or even of some commercial fertilizers, is due, a:t least in part, to the plant-food calcium which these materials supply, in addition to other good results which they may accomplish. 3. Attempts to prevent these errors by the addition of ferric chloride have not been successful.
4.
Other modifications of the above procedure and substitution of other methods have not been altogether satisfactory for this determination when the process involved separation of the amm onia precipitate previous to the estimation of the calcium.
5.
A proposed method which eliminates the chief sources of error of the regular procedure has been found to give more concordant results and is more rapid.
6. When some of the methods used in this work were tried on a synthetic soil solution a better agreement was obtained than when the same were· ap plied to soils. "This verifies the author's previous experiences that a synthetic solution does not always act in the same manner as a solution of the soil which it is supposed to represent.
7.
The total calcium content of a large number of Kentucky soils, both virgin and cultivated, has been determined, and it appears in nearly every instance that cultivation has caused a considerable loss of this element.
8.
From an investigation of which this work is only a part and which has included several hundred s. amples taken from nearly all the counties in this state, it has been found that the best types of soil contained the highest con tent of calcium and the poorest had the lowest.
9.
Many samples have been found to be so low in calcium that. their defi ciency in this constituent requires consideration as well as their low phosphorus and nitrogen supply.
.
10.
The application of a ton of limestone or of rock phosphate per acre to such soils frequently adds more calcium than is already present.
11. There is no doubt that, in such cases, these materials, or even moderate applications of some commercial fertilizers, are beneficial because of the plant food calcium they supply, in addition to other good effects they may accomplish.
